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ABSTRACT

A revised version of Graphic Normative Analysis Program (GNAP) has been
developed to allow maximum flexibility in the evaluation of chemical data by
the occasional computer user. GNAP calculates CIPW norms, Thornton and
Tuttle's differentiation index, Barth's cations, Niggli values and values for
variables defined by the user. Calculated values can be displayed graphically
in X-Y plots or ternary diagrams. Plotting can be done on a line printer or
Calcomp plotter with either weight percent or mole percent data.

Modifications in the original program give the user some control over
normative calculations for each sample. The number of user-defined variables
that can be created from the data has been increased from ten to fifteen.
Plotting and calculations can be based on the original data, data adjusted to
sum to 100 percent, or data adjusted to sum to 100 percent without water.
Analyses for which norms were previously not computable are now computed with
footnotes that show excesses or deficiencies in oxides (or volatiles) not
accounted for by the norm. This report contains a listing of the computer

program, an explanation of the use of the program, and the two sample problems.



INTRODUCTION

The Graphic Normative Analysis Program (GNAP) written by Roger Bowen
(1971) has proved to be an extremely useful petrologic program. It offered
comsiderable flexibility to the non-computer specialist and could provide
graphic output in publishable form. The revised version of GNAP presented
here, provides more flixibility, removes some of the restrictions of the
original program, and provides more information to the user. This report also
reviews the principles of normative calculations particularly as they apply to
some special situations.

The CIPW norm was originally introduced as the basis of classificiation
and nomenclature of igneous rocks (Cross and others, 1902). The proposed
taxonomy based on normative analysis is no longer used, but the normative
minerals are still used by petrologists to charcterize rocks or suites of
rocks (e.g. Irvine and Baragar, 1971), and the molecular approach to the
calculations has formed the basis for other methods of petrologic
characterizations (e.g. Niggli, 1920).

The revised version of GNAP provides a more publishable form of output and
a larger degree of user control, particularly in the calculation of the norm.
User controlled flags are available that allow elements to be combined in
alternate forms (such as those suggested by Washington, 1917) for samples with
an unusual mineralogy. Also the complete original analysis can be printed with
calculations made on a water-free basis. The original analysis was important
to Washington (1917) and is still important to most chemists inasmuch as the
analytical sum is an indication of the accuracy and completeness of the

analysis.



As a note of historical interest, Washington (1917) stated that with
practice and writing down as few results as possible, one can do an average
normative calculation in five minutes. He points out that ten minutes may be
required for silica-deficient rocks and 15 minutes for the most complex
samples. The two examples used in this report are made up of 24 samples
including several samples in Washington's complex category. The computer time
(CPU) needed to do both problems (including plots and other calculations that
are not part of the norm) was less than 50 seconds. Additionally, the

mathematical precision is far better than that of the hand calculations.



PROGRAM DESCRIPTION
GNAP is composed of main driver, 18 subroutines and the Calcompl
software package. A1l coding is in standard ANSI Fortran IV with the
exception of one subroutine (FILES) and parts of the Calcomp package which are
in assembler language.

The functions of the main driver are the scanning of input for
recognizable commands and preliminary data manipulation prior to calls to the
other subroutines. Executable statements are consturcted from the
user-supplied input (blanks or spaces are ignored). These statements are then
identified and the indicated action if performed by the appropriate subroutine.

Subroutine NPRM uses the exact formulae of Washington (1917) to calculate
the CIPW norm. This computation closely parallels the computations that were
first developed for the General Rock Norm program except that certain
functions (normalization of oxides, Niggli values and Barth's cations) which
were optional are now performed every norm calculation. Subroutine NPRM
contains two additional entry points; (1) RECALC is used to recalculate a norm
from previously stored oxide values; (2) CONVER is used to convert weight
percent data to molecular amounts. NPRM also employs user-supplied flag
commands as discussed below.

Subroutine EVAL evaluates all arithmetic expressions, and is a Fortran
version of a procedure previously developed by R.W. Bowen of the U.S.G.S. A

transition matrix technique is used to parse the expression to be evaluated.

1 Use of trade names is for descriptive purposes only and does not constitute

endorsement by the U.S. Geological Survey.



Using this transition matrix subroutine PARSE creates the Reverse Polish form
of the expression, which is then evaluated using a pushdown stack. EVAL has
the advantage of not requiring actual comparisons to accomplish the parse,
hence execution time is considerable improved over procedures using a less
sophisticate technique.

Subroutine SUMPNT is used to create the summary printout. An area of
output is constructed according to instructions supplied by the user. After
this area has been constructed, the summary is printed.

Subroutine PRNT is used for creation of X-Y plots. A standard grid is
determined from the range of values to be plotted as described below. If the
Calcomp plotter is specified, calls are made to a Calcomp software package to
generate a magnetic tape containing the plotter commands. Otherwise, calls to
entries of PLATZ2 are made which create a printer plot. Subroutine PLATZ is
used to create printer plots and is a modified version of a subroutine
developed at the University of Michigan by P. Smidinger.

Subroutine TRIANG is used for creation of ternary diagrams. If the
Calcomp plotter is specified, then calls are made to the Calcomp software
package. Otherwise calls are made which create diagrams on the printer.

Subroutine SIDE is used to construct one annotated side of a ternary
diagram when the Calcomp plotter has been specified.

The remaining subroutines provide a degree of character manipulation and
conversion in Fortran. MOVE is used to move characters from one string to
another. CP@NV, INIT, and FIND convert data from character form to numeric
form. INDEX determines the position of a given character in a given string.
N@TEQ determines if two strings are equal (i.e., contain the same characters);
CLEAR provides for the construction of pages of output prior to printing.
FILES is used to open and close data files as necessary; this subroutine is
machine-dependent, written for execution on a Honeywell 6880 computer.
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CIPW COMPUTATIONS

The CIPW norms produced by revised GNAP are computed according to the
rules of Washington (1917) except that excess CO2 is cast as magnesite and
then, if 002 is still in excess, as siderite. The resulting normative
minerals are reported in weight percent, but the data can be obtained in mole
percent by use of the PPS or CONVERT plus SUMMARY command. Some investigators
prefer reporting normative mineral mole percents because they more closely
approximate modal abundances (Irvine and Baragar, 1971).

The specific methodology and mathematics of CIPW calculations can be found
in Washington (1917) or Johannsen (1939), but as these publications are no
longer easily available to many users, a summary of the method with
modifications used by GNAP, is given here. The oxides used and the normative
minerals calculated by the subroutine N@RM and the chemical formulae of the

normative minerals are given in table 1.

Table 1 near here.

1. The arithmetic sum of the analyzed elements is adjusted for F and Cl
because these are actually combined with some of the cations that are
reported in the analysis as oxides. (Usually this adjustment changes the
total by only a few tenths of a percent, and this step was omitted from
the original GNAP program). No attempt is made to adjust the sum for S
because such an adjustment requires assumptions about the analytical
methods used for S and Fe0; for most analyses the correction would be
negligible. For rocks with a high content of S, the effect of this
correction should be checked. The sum, corrected for F and C1 is used to

normalize the analysis to 100 percent, and the adjusted oxides (and
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Table 1.--List of variable names used in GNAP

Oxides and Elements

1. Si0p
2. Alp03
3. Fe 03
4, Fe
5. Mg0
6. Ca0l
7. Nap0
8. Ky0
9. H-0
10. T?Oa *total)
11. P205
Minerals
quartz (Si0p)
corundum (A1203)
zircon (ZrSiOg)
orthoclase (KA1Si30g)
albite (NaA1S1308§
anorth1te (CaAT,Si20g)
Teucite (KpAl,S7 012§
nepheline % A1251208
kaliophilite %K2A1281208)

halite (NaCl)

thenardite (Na»SOg)

sodium carbonate (NapCOj)
acmite (NapFepSiy 0]2§

sodium metas111cate (NapSi03)
potassium metasilicate (K2Si03)
wollastonite (CaSi03)

enstat ite (MgSi03)

ferrosilite (FeSi03)

forsterite (MgpSilyg)

MnO
Zr02
€O,
503
Cl

Cr203
NiQ
Ba0

FA
€S
MT
CM
HM
IL
N
PF
RU
AP
FR
PR

MG
SD

HY
oL
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fayalite (Fe,Si0g)

calcium orthosilicate (CapSiOg)
magnetite (Fe304)

chromite (FeCr204)
hematite (Fep03)

ilmenite (FeT103)
titanite=sphene (CaTiSiOg)
perovskite (CaTiO3)

rutile (Ti02)

apatite (CagF(P04)3)
fluorite (CaFy)

pyrite (FeS»)

calcite (CaC03)

magnesite (MgC03)

siderite (FeCOj3 ?

diopside (EN+FS+W¢ WoL)
hypersthene (EN+FS)
olivine (FO+FA)



elements) are converted to molar amounts by dividing each by its molecular
wwight. In the following discussion, oxides should be understood as
oxides and elements, and amounts as molar amounts. (Washington (1917)
ignored amounts less than .002, but they are used by GNAP).
2. The amounts of Mn0 and NiO are added to FeO, and BaO and Sr0 are added
to Ca0. The automatic addition of Ba0 to CaO can be overridden by the
revised version of Gnap, as described below. No standard provision is
made for the input of Sr0, but it can be accomodated by the use of a
series of user defined commands as shown below. The addition of BaO to
Ca0 (or K50 or Na20) has the effect of yielding a low total for the
normative minerals relative to the oxide total because the conversion of
the calcium-bearing minerals from mole percent (in which they are
calculated) to weight percent does not take into account the much heavier
barium component of the mineral.
3. In the nine steps of rule 3, amounts of minor oxides are combined with
amounts of major oxides to form trace minerals. In the earlier version of
GNAP, excess of minor constitutents caused termination of the calculation
and generation of an-error message. The revised version uses as much of
the minor constituent as possible and then reports the weight percent
excess in an error message. In this case, the normative total is Tlower
than the oxide total. Minor oxides are apportioned as follows:

3a. Ca0 equal to 3.33 times P205 is used for apatite.

3b. NaZO equal to 0.5 times C1 is used for halite.

3c. Equal amounts of Na20 and SO3 are combined for thenardite.

3d. FeO equal to 0.5 times S is used for pyrite.

3e. Equal amounts of FeO and Cr203 are used for chromite.



3f.

39.

3h.

3i.

4., Alumina

4a.
4b.
4c.

4d.

de,

Equal amounts of FeQ and T102 are used for ilmenite. Ca0

equal to any excess TiO2 is provisionally allotted to

titanite. (If there is not enough Ca0 to use up the A1203

in the anorthite calculations (4d) titanite is not calculated.)
Excess T1'O2 is calculated as rutile.

F equal to 2/3 the amount of apatite (3a) is considered to be
contained in apatite. Any excess is used with half as much Ca0
for fluorite.

If the rock contains modal cancrinite, equal amounts of Na20
and 002 are combined for sodium carbonate. Excess CO2 is

first combined with an equal amount of Ca0 for calcite. Any
excess C02 is subsequently combined with equal amounts of Mg0
for magnesite, and then with Fe0 for siderite.

Equal amounts of SiO2 and Zr0 are used for zircon.

and potash are apportioned as follows:

Equal amounts of K20 and A1203 are used for orthoclase.
Excess K20 is equal to the amount of potassium metasilicate.
Excess A1203 is combined with an equal amount of NaZO and

is equal to the amount of albite.

Excess A1203 is combined with an equal amount of Ca0
(including the Ca0 that had been provisionally assigned to
titanite if necessary) to make anorthite.

Any excess A1203 is equal to the amount of corundum.

5. Sodium oxide and ferric iron are apportioned as follows:

5a.
5b.

Fe203 equal to the excess of Na20 is used for acmite.

Any excess Na20 is equal to the amount of sodium metasilicate.



5¢. Excess Fe203 and an equal amount of Fe0 are used for
magnetite.
5d. Any excess Fe203 is equal to the amount of hematite.
The relative proportion of any remaining FeO and Mg0 are determined.
Lime, ferrous iron and magnesia are approtioned as follows:
7a. Ca0 equal to the sum of Fe0 and Mg0 is used for diopside.
7b. Excess Ca0 is equal to the amount of wollastonite.
7c. Excess Mg0 + Fe0 is equal to the amount of hyperthene. The
proportions of enstatite and ferrosilite are the same as the
Mg0-FeO proportions determined in (6).
Silica is adjusted for the minerals calculated in steps 3 thorough 7. If
there is a deficiency in silica, the silica-rich minerals are recalculated
as silica-poor minerals.
8a. The SiO2 remaining after (3i) is decreased by the amount of
titanite, 4 times the amount of acmite, the amount of sodium
metasilicate, the amount of potassium metasilicate, 6 times the
amount of orthoclase, 6 times the amount of albite, the amount
of wollastonite, twice the amount of anorthite, twice the amount
of diopside, and the amount of hypersthene.
8b. Excess SiO2 is equal to the amount of quartz.
8c. If there is a silica deficiency after (8a), hypersthene is
converted to olivine (forsterite and fayalite proportions are as
determined in rule (6) and 5102 is increased by 1/2 the amount
of hypersthene. If this results in a 51'02 excess, hypersthene
is increased (from zero) and olivine is decreased until Si0

2
is equal to zero.
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d. If there is still a silica deficiency titanite is converted to

perovskite and silica is increased by the amount of titanite.

8e. If there is still a silica deficiency, albite is converted to
nepheline and 5102 is increased by 3 times the amount of
albite. If this results in a silica excess, albite is increased
(from zero) and nephiline is decreased until S1’02 is equal to
zero.

8f. If there is still a silica deficiency, orthoclase is converted
to leucite and S1’02 is increased by 1/3 the amount of
orthoclase. If this results in a silica excess, orthoclase is
increased (from zero) and leucite is decreased until SiO2
equals zero.

8g. If there is still a silica deficiency, the clinopyroxenes are
converted to calcium orthosilicate and olivine. Wollastonite is
converted first then diopside. S1'O2 is increased by twice the
amount of clinopyroxene and the clinopyroxene is changed to
orthosilicate. If an excess in silica results, clinopyroxene is
increased from zero and orthosilicate is decreased until silica
equals zero.

8h. If there is still a silica deficiency, leucite is converted to
kaliophilite and silica is increased by the amount of leucite.
If a silica excess results, leucite is increased from zero and
kaliophilite is decreased until silica equals zero.

Molecular amounts of minerals are converted to weight percent by

multiplying molar amounts by molecular weights.

. The total normative minerals are then calculated and divided into two

categories. Salic minerals include quartz, corundum, zircon, orthoclase,

11



albite, anorthite, leucite, nepheline, kaliophilite, halite, thenardite,

and sodium carbonate. A1l other minerals listed in Table 1 are Femic.
In the original version of GNAP, if silica was still deficient after step
(8h), an error message was printed out and no output was generated. The
revised version of GNAP follows the convention of Washington (1917) and
reports silica deficiencies after step (8h) as excesses of Mg0 and FeQ (in
weight percent) with normative olivine decreased. This has the effect of
yielding a low normative total.

The output of approximate norms and excess oxides provides sets of usable
information. The approximate norm allows data from the sample to be evaluated
in the same manner as samples for which an accurate norm could be calculated.
The excess oxides can then be evaluated in terms of analytical error or the
existence of modal minerals that are not considered in the normative
calculations. For example, an analysis with a low analytical total (e.g.
98.98%) and a large excess of PZOS beyond that used in the norm (e.qg.

0.50%) could result from abundant rare earth phosphates in the rock.
Alternatively, an analytical total near 100 percent and an excess of P205
beyond that used in the norm of 0.01 percent indicates that the norm is
accurate within the limits of analytical uncertainty. As a second example,
the analysis of a dunite may have an analytical total near 100 percent but
contain a large excess of Mg0 beyond that used in the normative calculation.
This could indicate the existence of periclase or brucite in the rock.

The only major difference in the normative calculations by GNAP and the
rules proposed by Washington is in the treatment of COZ' Washington
proposed that CO2 be treated three different ways depending on petrographic
results: (1) if cancrinite was present, CO2 was first used for sodium

carbonate and added to the salic component with any excess CO2 used for

12



calcite, (2) if primary calcite was present, CO2 was calculated as calcite
and added to the femic component, and (3) if secondary calcite was present,
CO2 was calculated as calcite, but calcite was not used in either the femic
or salic totals. The revised version of GNAP provides for a user-initiated
calculation of sodium carbonate which is added to the salic component. After
sodium carbonate is calculated, or if this calculation is not requested, CO2
is assigned to calcite, with excess CO2 used for magnesite, and if

necessary, siderite. These three carbonates are added to the femic total

regardless of whether they are primary or secondary.
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PROGRAM USE

The input for the revised version of GNAP is much more flexible than that
of the original version. GNAP input now includes a series of flag commands
that allow the user to control the actual normative calculations. Errors in
setting or removing flags can produce an output with errors that may not be
readily apparent. For this reason, it is critical that the user provide input
in exactly the form necessary to create the desired output.

The general sequence of the imput card is:

1. Title Card.

Flag commands for normative calculations.
Modified input commands.

Analysis cards.

[ S 2 B~ T 7% BE )

Output commands.

Cards from steps 2 and 3 above affect the data cards that follow them. They
can either precede all the data, or be interspersed with the analysis cards at
the user's discretion. If they are to be interspersed, it is suggested that a
page of output per sample be requested (as described below) so that the output

can be checked carefully.

14



TITLE CARD

A title card is identified by the word TITLE punched in columns 1 through
5. Title cards are the only cards that may contain TITLE in the first five
columns. For example, a variable named TITLED would be illegal. A1l of the
remaining spaces (6 through 80) can be used for any alpha-numeric characters,
symbols or blanks. If the title card contains: TITLE PRPBLEM I, all pages of
output generated after the title card is read will be headed by PR@BLEM I.
For this reason, a title card is generally the first card in the deck, but new
title cards can be used anywhere. For example, the user may wish to title a
specific plot with a particular publication reference. A new title card
immediately before the plot command and a different title card immediately
after the plot command will accomplish labeling of a single plot. It is
generally advisable to annotate any specially-created output. The phrase
M@LAR DATA is automatically added to the user's title after a CONVERT VALUES
command as discussed below. If no title card is suplied, GRAPHIC N@RMATIVE
ANALYSIS PR@GRAM is printed at the top of each page.

15



FLAG COMMANDS
The revised version of GNAP provides pairs of flag commands that can be used
to control the calculation and output of normative information. Each flag
must operate in one of two modes. Each will automatically start in one mode
and remain there until ﬁhanged by the user. All flag commands must end with a
semicolon. They can be given before and after a single data card if necessary.

PPS-NPPPS commands

If the command PPS (page per sample) is given, a single page of output is
generated for each subsequent analysis. This page of output contains: The
sample number, the plotting symbol used for this sample, the original analysis
in weight percent, the original total, the original total adjusted for C1 and
F, the analysis adjusted to 100 weight percent and mole percent (with or
without HZO as discussed below), the normative analysis in mole and weight
percent (based on the adjusted sum), the weight percent ratios of
A1203/SiO2 and FeO/Fe203, the Thornton and Tuttle differentiation
index, the total, femic and salic normative minerals (if HZO is used, the
total will be Tess than 100%), Barth's cations, and Niggli values.

The default (or normal) mode for the PPS-N@PPS pair is N@PPS. If the PPS
command is not given or if the N@PPS is given following a PPS command,
single-page output is not generated.

WATER-NQWATER commands

The N@WATER command allows the user to enter H20 as one of the analyzed
oxides (eijther H20+, HZO' or the sum of the two; the latter is
preferable in most cases because it preserves the original analytical total.),
but to ignore H20 as a variable in all subsequent calculations and graphic
output. In the N@WATER mode, the complete analysis and the total (adjusted

for F and C1) are shown in the summary output, but all calculations and
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plotting are based on a water-free analysis, normalized to 100 percent. Plots
and calculations are labeled as based on adjusted oxides. Normative minerals
and adjusted oxides summaries are labeled as water-free in the summary table.
These labels tell the user that the N@WATER flag is set. The default (or
normal) mode for the WATER-NPWATER pair is WATER.

If the NOWATER command is used for only a few samples, and if these
samples are followed by a WATER command, the normative calculations for the
samples between the NPWATER and WATER commands will be on a water-free basis.
There will be no label on the summary table to indicate that a few samples
were treated as water-free, but the samples that were treated as water-free
will be identified on the page of run conditions and error messages and on the
single-page output per sample. In the summary table, the water value for
these samples will be blank in the adjusted oxides and their normative totals
will be 100 percent. Normative totals for samples with water will be less
than 100 percent (the difference being equal to the normalized weight percent
water).

Once all of the data cards have been read and the norms hae been
calcualted, the effect of the WATER-NPWATER command is to direct the output
commands to the original or adjusted oxide data sets. WATER is the default
(normal) mode for this command pair. If the NOWATER command is not given, or
if the WATER command is given after a NOWATER command, plots and user-defined
calculations are based on the original oxides. If the NOWATER command is in
operation, the plots and calculations will be based on the adjusted oxides.

CANCRINITE-N@CANCRINITE commands

This pair of commands allows the user to treat CO2 according to the
method suggested by Washington (1917). The CANCRINITE command should be given

for all rock analyses which have cancrinite as a modal constituent. This
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causes the normative calculation to add a step to calculate sodium carbonate
before any other carbonates are calculated. Sodium carbonate is added to the
salic total whereas all other carbonates are added to the femic total.

If the CANCRINITE command is not given or if NOCANCRINITE is given after a
CANCRINITE command, the calculation of sodium carbonate is automatically
skipped. If only one analyzed sample in a data set contains cancrinite, the
data card for that sample can be preceded by a CANCRINITE command, and
followed by a N@CANCRINITE command, and sodium carbonate will be calculate for
that sample only. A message will note that the sodium carbonate calculation
was attempted. The default (normal) mode for the CANCRINITE-N@CANCRINITE pair
is N@CANCRINITE.

BARITE-N@BARITE and KSPAR-NPKSPAR commands.

These two pairs of commands allow the user to control the use of barium in
the normative calculations. In the default (normal) mode, Ba0 is added to Ca0
as suggested by Washington (1917). 1If a given sample is known to contain
barite and if 503 is given in the analysis, the BARITE command should
precede the analysis card. This command adds Ba0O to Na20 for the purpose of
normative calculations for the next and all subsequent analyses until a
N@BARITE card is encountered. This step can be important for rock in which
CO2 is reported, and for which barite is an important trace mineral because
otherwise Ca normative minerals are increased and Na normative minerals are
decreased (because of the calculation of thenardite). The NPBARITE command
returns the program to the default mode and allows the program to loock for the
KSPAR command. The KSPAR command adds BaO to K20 for the pufpose of
normative calculations, and should be used if a high-barium, potassium
feldspar or barium feldspar is present in the analyzed rock. This command

will not override a BARITE command, and if the latter has been given, a
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NOBARITE command must precede the KSPAR command. (Although a BARITE command
will override a KSPAR command, it is best to set the flag to NOKSPAR after the
last analysis of a barium-bearing-feldspar rock in order to avoid possible
complications further on in the data set.) The addition of barium to calcium
or potassium is indicated by a note on the run condition and error message
page.

SET FLAGS command

The SET FLAGS command returns all flags to their default condition. This
command would be used before a RECALCULATE NPRMS command if norms are desired

by two different modes of calculation.
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MODIFIED INPUT COMMANDS
M@DIFY F@RMAT command

The user may specify an input format different from the standard format
indicated in figure 1. The user prescribed format must follow Fortran IV
object-time specifications and may use up to three cards per sample. The
format is restricted to a form of (4X,........ ,5X) for each card as discussed
in the Analysis card section. The format modification is expressed as:

MODIFY FORMAT= (4X,......... ,5X), NCS=n;
Where the dots represent columns 5 through 75 for each card, and n is the
number of cards per sample up to a maximum of 3. If n is not specified, it is
assumed to be 1. A maximum of 96 characters can be used to describe the
format.

The order in which oxides are read follows the order given in
table 1 unless this order is overridden by an DXIDES command.

The following example of MPDIFY FPRMAT is from Bowen (1971). If the user
wishes to specify ten oxides per card with each value having 5 digits before
the decimal and 2 digits after the decimal, the data would be preceded by:

MPDIFY FPRMAT= (4X,10F7.2,1X,5X), NCS=3;

note that as with all commands, this one ends with a semicolon. In this
modified format, each analysis requires 3 cards. Each of the three cards must
start with NRM (or STP) and plotting symbol in columns 1 through 4 and end
with the sample identification in columns 75 through 80 (as discussed in the
Analysis card section below). Although space is provided for 30 variables,
the program will use only the first 21. If during the same run the user
wishes to use data cards that are punched in the standard format, these cards
would be preceded by:

M@DIFY FORMAT= (4X,9F4.2,3F3.2,F2.2,F4.2,5F3.2,F2.2,F3.2,5X), NCS = 1;
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PXIDES command

The OXIDES command is usually used in conjunction with the MODIFY FARMAT
command. The @XIDES card must precede all analysis cards to which it refers.
The @XIDES command indicates which oxides are to be read, and in what order.
(Note that for the sake of brevity, the volatile elements are included under
the term oxides.) If no @XIDES command is given, the oxides will be read in
the order given in table 1. 1If the order of oxides has been changed, it can
be returned to the standard order by:

PXIDES SI@2,AL2(3,FE2(3,FED,MGP, CAD, NA2D, K20, H20, TI@2, P205 ,MN@,
ZR@2,CP2,S@P3,CL,F,S,CR2@3,NI@, BAD;
If any one of the oxide names is incorrectly given, an error message is
printed giving a 1ist of acceptable oxide names foillowed by the incorrect
oxide name. The run is then terminated.

The @XIDE command only allows the user to choose which of the 21
acceptable oxides (table 1) will be read and in what order. If the user has
Rb, Sr, and Ba data which are to be used in plotting, they must be read in as
acceptable oxides, and then defined by their correct names by use of a define
command. For example, they may be read in as CR2@3, NI@, and BAD. A series
of commands are needed to instruct the computer to label CR2@3 as RB, NIP as

Sr, and BA@ as BA (see example below).
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ANALYSIS CARDS

The analysis cards may be set in a standard format (fig. 1) or in a user-
prescribed format. The analysis card (or cards if more that on card per
sample is used) may contain a maximum of twenty-one variables. The first
three columns must contain either NRM or ST@. NRM places all of the original
and calculated variables in a data array for future use in printing, plotting,
or subsequent data manipulations. ST@ bypasses all normative calculations and
places only the original data in storage. This command would be used most
commonly for setting and evenly divisible line printer scale for X-Y type
plots, or to store non-chemical data for future plotting. Only analysis cards
may have NRM or ST@ in the first three columns, hence a variable named NRML or
STORM would be illegal if they started in column 1. Column 4 should contain
the character that is to be used in displaying the sample on X-Y and ternary
plots. The characters + and - are used to delineate axes and boundaries on
plots and should, therefore, be avoided as plotting symbols. The underscore
is used to delineate duplicate points, and is therefore a poor choice as a
plotting symbol. The user may find that some symbols (such as #, @, and &)
which have special meaning for particular machines, may not print. Columns
76-80 should contain the sample identification. Any alphanumeric and symbol
combination up to 5 characters in length is permissable. A maximum of 99
samples can be processed as a group.

The identification columns 76-79 can be used for a special purpose. The
RECALCULATE N@RMS command uses all values in storage including those entered
directly into storage by use of a ST@ command. This means that cards used for
the purpose of scaling of plots only may generate meaningless norms, and may
have their scaling values changed during the recalculation. To avoid this

problem, the user can identify cards for which a norm or normalization to 100
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percent is not desired by DUMM in columns 76-79. Cards thus identified will
be entered into both adjusted and original data sets exactly as coded and will
not be used in any normative calculations or normalizations. They will be
used for all plotting, printing and calculating commands. Cards for which
data are to be stored for later normative calculations are identified by STP

in columns 1 to 3, and an identifications other than DUMM in columns 76-79.

OUTPUT COMMANDS

The revised version of GNAP used the same ten output commands as the
original version. The discussion of these commands is based on the
description by Bowen (1971).

Expressions are basic to all the output commands. These are rules by
which the computer obtains and uses values. Expressions are composed of
variable names, arithmetic operators, constants, and the grouping symbols the
left and right parenthesis. Expressions must by syntactically and
semantically correct in the Fortran sense. Thus, each left parenthesis must
have a matching right parenthesis. No two arithimetic operators can be used
immediately adjacent to one another. A1l variable names must be known to the
computer before evaluation of the expression is requested. For example, the
computer cannot be instructed to multiple A times 2 and then told that A is
silica. Reversing the order of these two instructions make the operation
permissible.

Variable names may be any of the alphanumeric combinations associated with
values calculated in the norm subroutine (tables 1 and 2). Note that Niggli
values, Barth's cations, and Thornton and Tuttle's differentiation index

cannot be addressed by their standard abbreviations except for the purpose of
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a summary printout. Up to fifteen additional variable names can be provided
by user-defined commands as discussed below. Variable names must start with a

letter.

Table 2 near here

The four arithmetic operators are:
(1) division (e.g. AL203/Si02, (2) multiplication (e.g. .8998*

FE2@3), (3) subtraction (e.g. SIP2-40), and (4) addition (e.g. CAO + BAD).
These operators are listed in the order of the priority. Multiplication and
division are performed before subtraction and addition. Operations of equal
priority are performed left to right. The order of operations is changed by
the use of parentheses such that operations within parentheses are done
first. Hence, if variable A=6/3*2, A is equal to 4, but if A=6/(3*2), A is
equal to 1.

Constants are decimal numbers with or without a decimal point. They must
be less than eight characters in length including the decimal point as a
character. For example, the half-life for 238U= 4468300000 is not a usable
constant because it contains 10 characters, but 4468300*100 is usable because
it contains only 7 characters.

Define command

The define command is used to create new variable names (up to a maximum
of 15) or to redefine the basic names in tables 1 and 2. The define command
only operates on data that are in storage. Therefore, all define command
cards must be placed after the analysis cards for which they are to be used.
The define command takes the form:

Variable name=expression:
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Table 2.--Variable names for partitioning of normative
clinopyroxene, orthopyroxene, and olivine

DI = diapside (Ca(Fe,Mg)(Si03),)

DIWP - calcium component of diopside
DIEN - magnesium component of diopside
DIFS - iron component of diopside

WAL - excess calcium clinopyroxene beyond that needed for diopside

HY = hypersthene (Mg, Fe)Si0j3
HYEN

magnesium component of hypersthene

HYFS

iron component of hypersthene
PL = olivine (Fe,Mg),Si04

pLFD
pLFA

magnesijum component of olivine

iron component of olivine

Note: Results are expressed as either weight percent of mole percent of

the total norm and not as percent of the mineral class.
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e.g. TPTALFE= .77732*(FEQ+ .8998*FE203);
In this example, total metallic iron (for which the variable name is TOTALFE)
is defined as the converted oxides of iron. This is calculated by first
calculating all the iron oxide as Fe0 (within the parentheses) and the
multiplying the Fe0 by a conversion factor. An alternate way to défine the
same variable would be:

TOTALFE= .77732*FE@ + .69943*FE2(3;

Note that in both examples an arithmetic operator is between the constant and
variable name for each iron oxide. (The expression .8998FE203 is
meaningless). Also note that both commands end with a semicolon. The number
of characters to the left of the equal sign must be eight or less. No
operators can be used to the left of the equal sign (e.g. +, -, *, /, ()).
The number of characters to the right of the equal sign must be forty or
less. If a longer expression is necessary, it must be done in steps (e.g. X=
part of the expression; variable name=X + the rest of the expression). Each
define command is printed when it is executed. Numbers printed for
user-defined variables in the summary table are limited to the range 999.999
to 000.001. Larger numbers are printed as ***x**** and smaller as 0.000.

PLAT AND PLQT(R) commands

The command PLAT and PLPT(R) are used to generate X-Y plots on either the
line printer or Calcomp plotter(as described under the DEVICE command). These
commands take the form:

PLAT expression 1, expression 2;
or
PLAT(R) expression 1, expresion 2;
where expression 1 and expression 2 are valid arithmetic expressions as

discussed above, separated by commas and followed by a semicolon. For example:
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PLOT SIB2, AL203;

instructs the computer to construct an X-Y plot with silica on the abscissa
increasing from left to right, and alumina on the ordinate increasing bottom
to top. A command of PL@T(R) A, B; instructs the computer to create an X-Y
plot with the abscissa values increasing from right to left and ordinate
values increasing from bottom to top. The computer uses all values in storage
at the time the command is given including those for which no plotting symbol
is given. Although the latter will not print, they will be used to determine
the minimum and maximum values for abscissa and ordinate. They may show as an
underscore of a data point that has the same value or as a blank space in the
axis marking. It should be noted that unless otherwise specified (e.g. by a
define or CONVERT or NOWATER command as discussed above), the oxide values
used will be the weight percent values in the unadjusted input data set and
the normative minerals will be in weight percent. Plots that follow a CONVERT
command will be based on adjusted mole percent data set. Plots that follow a
NOWATER command will be labeled as based on adjusted oxides. These will be
normalized to 100 percent and water-free if the NOWATER command preceded the
data. Duplicate data points are indicated by an underscore.

One special plot command is available. This command takes the form:

PL@T HARKER;

This command instructs the computer to create a series of X-Y plots with
silica on the abscissa and all other oxides with non-zero values on the
ordinate.

TERNARY command

The ternary command instructs the computer to construct a ternary diagram

for either lineprinter or Calcomp output. This command takes the form:
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TERNARY expression 1, expression 2, expression 3;
where the expressions are valid as described above, separated by commas, and
followed by a semicolon. For ternary plots, all expressions must be equal to
or greater than zero; if the computer encounters an expression that is less
than zero, it will set it equal to zero. If all expressions are zero for a
particular sample, the point is plotted in the lower left apex. Expression 1
describes the upper apex; expression 2 describes the lower left apex; and
expression 3 describes the lower right apex. For example:

TERNARY Q,AB,OR;
instructs the computer to construct the familiar granite system diagram of
Tuttle and Bowen (1958).

The ternary command uses all values in storage, but plots a blank space if
no plotting symbol is given. The command also generates a printout of values
for the three expressions normalized to 100 percent on the page that precedes
the plot, including those values which are plotted as a space. A Tist of
duplicate data points is also printed. These points are indicated by an
underscore on the diagram. It should be noted that the ternary plot generated
by the line printer is not exactly accurate. Also note that the original and
adjusted data sets produce equivalent ternary diagrams because of the
normalization step taken in calculating ternary proportions.

CONVERT VALUES command

The C@NVERT VALUES command changes all of the weight percent values of the
variables listed in table 1 and 2 to mole percent. It is important to note
that user-defined variables are not automatically converted to mole percent.
Also, only one CONVERT VALUES command can be used in each data analysis
because the command only causes division of stored values my molecular

weights. With the exception of user-defined variables, values which do not
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convert will not print if requested by a summary command. For example, no
constant exists that changes total weight to total moles. Hence, summaries
after a CONVERT VALUES command have no totals. If the user wishes to use his
defined variables in mole percent, he must redefine them by use of a define
command that contains the appropriate conversion factors. For example, if the
user defined a variable FE@T to include all the iron as FeQ and then converted
values by use of a CONVERT VALUES command, FEAT would still be in weight

percent.
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FEOT could be converted to mole percent by either

FE@T = FEQT * 0.0139086;
or
FE@T = FEQ +2.0 *FE203;.

PRINT command

The PRINT command instructs the computer to evaluate and print one or more

expressions. This command takes the form:
PRINT expression 1, expression 2;

where expressions 1 and 2 are valid as described above. There is no limit on
the number of expressions that can be printed. Each expression will be
printed with the sample number followed by the value. A1l expressions must be
followed by a comma except the last, which must be followed by a semicolon.
The PRINT command will use the original oxide values unless otherwise
specified. Refer to the discussion of the PLAT command for details of the
values used in printing under various flag conditions.

RECALCULATE NQRMS command

The RECALCULATE N@RMS command is used to recalculate norms for each sample
in storage (except samples identified by DUMM in columns 76-79). This command
takes the form:

RECALCULATE N@RMS;
This command allows the user to modify the stored data (e.g. by use of a
define command) and to then calculate a norm on the basis of the modified
data. For example, the user may wish to compare the norms of the original
data with those of volatile-free analyses with all iron expressed as ferrous
iron. To do this, a summary card would be placed after the analysis cards,
followed by a series of define cards that set each volatile equal to zero, a

define card to calculate all the iron as Fe0, a define card to set Fe203
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equal to zero (this card cannot precede the card that redefines FeO as all the
iron recalculated as ferrous iron) and finally, a RECALCULATE N@RMS command.
The RECALCULATE NGRMS command cannot be used after a CBNVERT VALUES command,
because the norm subroutine requires weight percent data as input, and the
weight percent data are destroyed by the CONVERT VALUES command.

DEVICE command

The DEVICE command is used to specify plotting on either the line printer
or Calcomp plotter. If no device is specified, approximate plotting will be
done on the line printer. Both line printer and Calcomp plotter can be used
in a single run. The device command takes the form:

DEVICE = CALCOMP;
or
DEVICE = PRINTER;
This command affects all PLOT and TERNARY commands that follow it in the card
deck until a new device command is encountered.

SCALE command and user scaling with dummy cards

The scale command affects only those plots which are to be produced by the
Calcomp plotter. Line printer plots have a fixed size which occupies one full
page of computer paper. For X-Y plots, the line printer divides the abscissa
into 10 equal intervals, and the oridinate into 5 equal intervals on the basis
of the minimum and maximum values in storage for each coordinate. This will
generally produce axes scales that differ widely from one data set to another,
and which may be difficult to interpret within any given data set. For
example, if silica in a series of basalts varies from 43.2 to 49.6, and Harker
variation diagrams (SiO2 versus each oxide) are requested by the plot
commands, the abscisa will be divided into units of 0.46 weight percent

silica. This is an inconvenient unit, and it is unlikely that it could be
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used in an overlay comparison with data from other basalt suites. For these
reasons, both line printer and Calcomp plots should be scaled by the user.

User scaling is most easily accomplished by use of dummy analysis cards.
One, two, or three cards can be used such that the range from minimum to
maximum values is divisible by 5. If plotting of adjusted or water-free
oxides is anticipated, each dummy card should sum to 100 percent (water-free
if need be). The dummy cards should be included with the analysis cards
(usually as the last cards of the data set) with ST® in the first three
columns, and the fourth column left blank. A1l dummy cards must have some
sort of unique identification in columns 75 through 80, such as DUMM1, DUMM2,
etc. The identification DUMM in columns 76 to 79 prevents attempted norm
calculation and normalization of the data to 100 percent in the event a
RECALCULATE N@RMS command is given.

When the Calcomp plotter is specified, the abscissa is divided into 10
equal units, and ordinate into 8 equal units. Unlike to line printer, the
Calcomp scaling subroutines set the interval values equal to 1, 2, 4, 5, or 8
X 10", where n is a whole number. As a result of this internal scaling, the
Calcomp plots may not start with the actual minimum value and end with the
actual maximum value. Nonetheless, dummy cards are advisable to insure
consistent scaling among data sets.

In addition to setting ranges that can be incremented by whole numbers,
the user may vary the absolute size of Calcomp plots by use of a SCALE
command. This command takes the form:

SCALE = n;
where n can be any number from 0.0 to 3.0. If no SCALE command is given,
ternary plots will have sides of 230.6mm (9.08 in) in length. This scale

allows direct overlay of plots on Keuffel and Esser triangular coordinate
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paper (K and E No. 46 4490). Two-dimensional plots will have an abscissa of
254 mm (10 in) and an ordinate of 203.2 mm (8 in) which will overlay on
standard 10 divisions per inch graph paper (e.g. K and E No. 46 0702). The
scale factor for standard size plots is 1.0. Scale factors between 0.0 and
1.0 decrease the size of the plots, and scale factor between 1.0 and 3.0
increase the size of plots such that 3.0 produces a plot of 762 mm (30 in)
maximum width. Scale factors greater than 3.0 exceed the capabilities of the
Calcomp plotter, and generate an error message. The SCALE command does not
affect the size of lettering and plotting symbols which remain fixed at 3.56
mm (.14 in).

SUMMARY command

This command produces a summary printout for all of the samples in
storage. Nine separate groups of numbers can be obtained by us of this
command:

) The oxides as originally entered.
) Oxides normalized to 100% (with or without water).
(3) Normative minerals.
) Partitioning of normative clinopyroxene, orthopyroxene, and
olivine.
) Barth's cations.
) Niggli values
(7) Thornton and Tuttle's differentiation index.
) The ratios A1203/S1’02 and FeO/Fe203
) User-defined values.
The order in which these nine categories are printed, as well as which ones
are printed are under user control. Note that this is the only command that

can access categories 5 through 8 without the use of a define command. The
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summary values will be printed in weight percent unless the summary command
has been preceded by a CONVERT VALUES command. In this case, the summary of
values in categories one through four will be in mole percent; but the
user-defined variables will still be in weight percent, unless converted
through the use of a define command. Values in categories 5 through 8 are not
converted, and will not print even if requested. This is also true of the
various totals.

The SUMMARY command takes the form:

SUMMARY (T1ist of category keywords);
where the category key words are @XIDES, ADJUSTED, MINERALS, PARTITIONS,
BARTH, NIGGLI, D.I., RATI@S, and USER. The key words used must be in the
order desired by the user, separated by commas, and contained within
parentheses. The summary printout will automatically contain the last title,
sample numbers, and plotting symbols. Zero values will be left blank. Any
variables, except ratios and D.I., for which all values are zero will be
omitted from the summary printout. For example, a summary of the normative
minerals for 60 samples will generate five pages of printout. If NC(sodium
carbonate) is zero for all 60 samples, NC will be omitted from all five
pages. However, if NC is non-zero for one sample, it will be printed for all
five pages even though it will have no associated values on four of the five
pages.

Note that these key words are only understood in the context of a SUMMARY
command. If the differentiation index is to be used for plotting it must
first be defined as:

D.I. = Q+@R+AB+NE+KP+LC;
CLEAR ST@RAGE command

The CLEAR STPRAGE command is used to remove all previously stored values
and to reset all flags to their default mode. This command takes the form:
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CLEAR STPRAGE;
Typically, this command would be used if calculations and plotting for two
different data sets were desired. The clear command would be placed after the
last command card for the first data set, and would be followed by all the

command and analysis cards for the next data set.
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ERROR MESSAGES AND PROGRAM CONDITIONS

GNAP is designed to recover from those errors that are due to incorrect or
inadequate input. The program is also designed to recover from errors that
result from special case data. When an error is detected, an error message is
sent to a file that prints as a summary at the end of the run, and the
computer resumes scanning the input for commands to execute. In addition to
errors, the program keeps track of spedia] conditions that are imposed by the
user during the run. These are printed with the error messages at the
conclusion of the run. A list of messages and probable causes follows.

1. NP MORE THAN 99 NPRMS MAY BE STPRED. THE LAST NARM WILL BE WIPED 6UT.
More than 99 analysis cards have been processed without an
intervening clear command. Only the first 99 analyses are in
storage.

2. Nd MPRE THAN 15 NAMES MAY BE DEFINED. DEFINITI@N IGNORED FOR NAME =

().
More than 15 new variable names have been given. Consider
redefining variable names.

3. PLOT COMMAND ERRAR ON ( ).

The two expressions for abscissa and ordinate, respectively, are
not separated by a comma.

4.  TERNARY COMMAND ERROR BN ( ).

The expression giving the apices of the desired ternary diagram
are not separated by commas.

5.  SCALE MUST BE P@SITIVE AND LESS THAN @R EQUAL TO 3.0.

An illegal scale was requested, possibly due to a misplaced

decimal point.
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10.

11.

12.

13.

"DEVICE = CALCPMP" MUST BE SPECIFIED BEFPRE SETTING SCALE.
A scale command has been misplaced in the deck. It has no
effect on the line printer output and is recognized only by the
Calcomp software.
STATEMENT LENGTH (160) EXCEEDED @N CARD ( ). DID YOU FARGET A
SEMIC@L@N?
Message is generated most often by a missing semicolon after a
command, but may be due to an error in a user-supplied format.
FORMAT COMMAND ERRGR (MISSING PARENTHESES) IN ( ).
A user-defined format is lacking a parentheses.
ERRGR IN MBDIFY COMMAND GIVEN AS ( ).
The modify keyword was not followed by format or NCS (number of
cards).
UNRECAGNIZED COMMAND GIVEN AS ( ).
The most common causes for failure to recognize commands are
misspellings and errors in user-defined formats.
ERRPR IN EXPRESSION ( ).
This message is usually caused by syntax errors such as
unmatched parentheses or adjacent arithmetic operaters.
UNDEFINED NAME ( ).
This is most often generated by a spelling error, but could be
generated by reversing a definition such that the new variable
is to the right of the equal sign.
FIRST WPRD ILLEGAL IN ( ).
A key word is misspelled in the summary command or an

unrecognized variable has been requested.
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14.

15.

16.

17.

18.

19.

20.

THE FOLLOWING COMMAND CANTAINS EXCESSIVE CHARACTERS. DID YOU FPRGET
A SEMICQLON
A semicolon is probably missing. The defined variable may not
exceed 8 characters, and the definition may not exceed 40.
@XIDE CPMMAND C@NTAINS A NAME WHICH IS NOT IN THE LIST OF ACCEPTABLE
@XIDES. ACCEPTABLE @XIDES ARE: ( ).
Error is most 1ikely due to a misspelling or use of an oxide
name not used in the program.
GRAPHIC NPRMATIVE ANALYSIS PRPGRAM.
This is printed in place of a title if no title is supplied.
MOLAR DATA.
This is appended to the users title for all output that follows
a convert command.
SAMPLE ( ) CONTAINS AN EXCESS @F ( ) WEIGHT PERCENT ( ) BEYPND THAT
USED IN NORMATIVE CALCULATI@NS.
The blanks contain sample number, amount, and element name,
respectively. Elements that can occur in excess are P25, CL,
S, CR2@3, F, CP2, or ZRP.
SAMPLE ( ) CONTAINS T@@ LITTLE SIp2 TO COMPUTE A NPRM. SIP2
DEFIECIENCY IS EQUIVALENT TP AN EXCESS OF MG@ @F ( ) WT% AND AN
EXCESS QF FEQ QF ( ) WT%.
The reported norm is only an approximation based on the
assumption that too much olivine was calculated.
DATA HAVE ALREADY BEEN CONVERTED T@ MPLES. NORMS CANNQT BE
RECALCULATED FR@M DATA EXPRESSED IN MPLES.
The user converted the data and then asked for a recalculation

of the norms.
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21.

22.

24.

25.

26.

N@ SI02 GIVEN FOR HARKER SUITE OF PL@TS.
Silica is zero for all samples, and hence no plots are generated.
SAMPLE ( )--NA2C@3 CALCULATI@N ATTEMPTED.
The CANCRINITE flag was set for sample ( ).
SAMPLE ( ) -- BAP ADDED TO K20. |
The KSPAR flag was set for sample ( ).
NOTE: PLOT IS BASED ON ADJUSTED @XIDES.
This is printed on plots for which the NPH2P@ flag was set.
SAMPLE ( ) --NORM COMPUTED PN WATER FREE BASIS.
The NPWATER flag was set for sample ( ).
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EXAMPLE
GNAP_PRPBLEM 1

The first problem demonstrates the use of all the flag commands and
several output commands. Seven pairs of samples are entered such that the
sample A computes normally and sample B generates an error message for an
excess in a minor constitutent or used a new loop of the program. Two rocks
with too little silica for a normative computation are also included. The
range of samples in this problem also uses all possible input oxides, and
computes all possible output minerals.

The first page of appendix 1 is a printout of all the cards used in the
first problem in the order read by the computer. The first card is a title
card which causes GNAP PRPBLEM 1 to be printed at the top of each page until
the CONVERT VALUES card is encountered at which point the title is changed to
GNAP PR@BLEM 1, M@LAR DATA. The second card is a PPS command which causes a
single page per sample to be printed until the NPPPS is encountered (after the
third sample).

Three analyses of sample MNP6 are shown in the first three pages of
output. MNP6A and MN@6H. are identical analyses but MNP6H is preceded by a
NOWATER command. Sample MN@6B contains more C1 than can be combined with the
available Nazﬂ and an error statement is printed for this sample on the last
page of output for the problem that shows an excess of 0.09 weight percent
Cl. Note that the increased C1 in MN@6B removes albite from the norm,
increases anorthite and halite relative to MNP6A, and decreases to total
minerals relative to MN@6A. The difference in the two totals is not 0.09, but
(0.09-0.23x0.09). This difference is due to the effect of using C1 instead of
oxygen as an anion and can be seen in the totals relative to the adjusted

totals of the three samples. The effect of calculating the norm with and
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without water can be seen by comparing samples MNP6A and MN@6H. The minerals
calculated do not change, but the absolute amounts are greater in the
water-free analysis.

The remaining 21 samples of problem 1 are preceded by a N@PPS command
which suppresses the page per sample output. Results for these and the first
3 samples are shown in the summary table for GNAP PRPBLEM 1 (Appendix 1).
Error statements and flag conditions for the last 21 samples appear on the
last page of output for problem 1.

The sample pair 1201A and 1201B differs in the amounts of Mg0, Ca0 and
C02. Sample 1201B would not have produced a norm in the original version of
GNAP, but it does not cause an error statement to be generated in the revised
version because siderite is calculated to use up the excess CO2 after
magnesite has been calculated. Although samples 1201A and 1201B are
chemically very similar, there are several differences in the normative
mineralogy which could relate to several differences in their trace mineral
modes.

Sample 1165 has three similar analyses (A, B, and C). Sample 11658 and
1165C are chemically identical and differ from 1165A in contents of Mg0, Ca0,
and C02. The three norms have several differences. Sample 1165B generates
an error message of .13 weight percent excess CO2 beyond that used in the
norm (for calcite, magnesite, and siderite). Sample 1165C is preceded by a
CANCRINITE command and all of the CO2 is used to calculate thenardite. The
CANCRINITE command causes sample 1165C to have a very different normative
mineralogy from that of sample 11658 (the chemically identical sample). The
difference in the normative totals for samples 1165A and 1165B is equal to the

excess CO2 (.09 wt%).
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The sample pair 1101A and 1101B differs only in the F content which causes
sample 1101B to generate an error message of 0.04 weight percent F in excess,
removes anorthite and calcite from the norm, and adds fluorite and magnesite
to the norm. The totals differ by (.04 - .04 * .42), which is due to the
difference in weight of oxygen and fluorine.

The sample pair 344 A and 344 B differ in their amounts of Ca0 and
PZGS' Sample 344 B generates an error message of .09 weight percent P205
which is equal to the difference in the total of the normative minerals.
Although Ca0 was used up before the calculation of fluorite was attempted, the
increase in apatite was sufficient to accommodate the F so no secondary error
message was generated for excess F.

The sample pair 278 A and 278 B differs in amounts of Fe0 and Cr203.
Sample 278#B generates an error message of .06 weight percent CR2@3 which is
equal to the difference in the total of the normative minerals. Note that the
addition of chromium to the analysis affects the amounts of all the minerals
calculated after step 3e of the rules for CIPW calculations.

The sample pair 339 A and 339 B differs only in the S added to the
analysis for sample 339 B. The 0.2 weight percent increase of S causes an
error message to be generated which shows an excess of S of 0.09 weight
percent. This amount is equal to the difference in total weight percent
normative mineralogy because no attempt is made to adjust analyses for the
differences in 072 and S'1 or S or 5052 incorrectly reported as
S. Note that the addition of S to the analysis makes only a few, generally
small differences in the normative mineralogy.

Analysis EC2-9 is an unpublished analysis of an ultramafic nodule (Robert
Forbes, written communication, 1973). The sample does not have a computable

norm by the original version of GNAP. It contains an excess of P205 and a
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large excess of the olivine molecule which could be interpreted as a large
analytical error or the existence of oxide minerals not considered by the
normative calculations. However, spinel, which could occur in the norm as any
alumino-silicate or corundum, does exist in the sample, and probably explains
most of the excess iron and magnesium. The excess P205 seems large

relative to analytical error and may suggest the presence of a phosphate other
than apatite.

The next three samples are taken from Washington (1917) and provide a
comparison with hand calculated norms. Sample A2.1I generates an error
message of excess MG@ and FE@ of 1.87 and 0.52 weight percent, respectively.
In his calculated norm, Washington reports an excess of 2.31 percent MgO plus
Fe0. The norm for sample A3III is very similar to that reported by Washington.

The next three samples, Al.I, AlL.IS, and Al.IK, demonstrate the changes in
normative mineralogy that occur as a result of allocating BaO to Ca0, NaZO,
and K20 (Sr0 in the original analysis has been added to Ba0 on the input
card for the purpose of the example). Note that all of the normative totals
(even with water added) are all less than 100, and that they are all
different. The effects of allocating Ba0 in different ways is small, but
could be important in special cases.

The last two samples are included because they have reported Zr0 which
causes the calculation of zircon and because they have excess Ca-clinopyroxene
beyond that needed to equal the Fe and Mg components of diopside. This causes
WAL (wollasonite in excess of that used in diopside) to be calculated and
printed. The last sample is the only sample in the problem that causes
perovskite to be calculated.

The weight percent data are used to create two commonly used ternary

diagrams. The first diagram which uses normative quartz, albite and
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orthoclase, is commonly used for the classification of quartz-bearing plutonic
rocks or to compare the chemical composition of a granite with Tuttle and
Bowen's (1958) granite minimum. (It should be noted the Tuttle and Bowen's
plot is a phase diagram and that the plot generated by GNAP is not.) The
second ternary diagram used the imput oxides to create an AMF diagram. The
upper apex is the sum of the total iron as Fe0 (shown as the user-defined
variable FE@T) plus MNP. If a NOWATER command had been given before the
ternary command, the oxides adjusted to 100 percent would have been used.
This would have resulted in a slightly different diagram unless FEOT was
redefined on the basis of the adjusted oxides. The ternary ratios are shown
on both diagrams. In the actual computer output, these are printed on the
page that precedes the ternary diagram.

The second half of the problem is carried out using molar data. This is
acomplished by use of a CONVERT VALUES command. FEPT is redefined so that it
will be in moles and a new summary is created. Subsequent pages are
automatically labeled with the user's title and molar data.

The molar data are used to create two ternary diagrams. The first is
based on the molar quantities of nepheline, quartz, albite, hypersthene and
olivine (after Irvine and Baragar, 1971) and allows the user to evaluate
silica saturation. Lines that divide undersaturated, saturated, and
oversaturated fields have been drawn on the computer output. The second
ternary plot is based on the molar amounts of A1203, total alkalies, and
Ca0. This allows the user to evaluate the alumina saturation according to the
classification of Shand (1951). Lines have been drawn on the output to
indicate the fields of peraluminous, metaluminous, and peralkaline. The

printout for the ternary ratios has been superimposed on the diagrams by hand.
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These two ternary diagrams were chosen to demonstrate the advantage of
plotting molar data. The superimposed lines for field boundaries could be
shown on weight percent diagrams, but they would have to be calculated by
hand, and they would be more difficult to locate on the line printer output.
In Shand's classification (1951), peraluminous refers to analyses in which
there is more aluminum than that needed to make feldspar. The molar ratio of
K20 or Na20 to A1203 in alkali feldspar (e.g. KZO*A1203*65i02)
is 1:1 or mid-point on the left side line. For anorthite
(Ca0*A1,0,%2510,) the mid-points also indicate the point at which there
is an exact mixture for feldspar. Hence, peraluminous is the field above the
line that joins the mid-points.

Problem 1 ends with a SET FLAGS, and a CLEAR command (page 50). This
returns the flags to their default modes and clears all of the storage
registers so that a new problem can be started.

GNAP PR@BLEM 2

The second problem demonstrates the input of data in a user-defined
format, manipulation of user-defined data, X-Y plotting, and plotting with the
Calcomp plotter. The samples used in this problem are cogenetic and generate
a more typical number of normative minerals than the analyses used in problem
1.

The first card is again a title card (page 50) which labels every page
with GNAP PR@BLEM 2. The next card gives the new format, and the following
card identifies which of the 21 oxides will be read by the computer and in
what order (note that all 21 oxides are not needed). The analytical data are
given in the next 12 cards. The number of cards per sample is not specified

in the M@DIFY FORMAT command, and hence, 1 card per sample is assumed.
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Immediately after the data and two dummy cards, three new variables are
defines (BAPPM, UPPM, and THPPM). These were originally read in as BA@, NIf,
and CR2@3 and were used as such in the normative calculations as can be seen
in the first summary table of problem 2 ( p. 68-70). Chromite (CM) is
reported for all of the samples in spite of the fact that there is no real
chromium in any of the samples. In order to obtain the correct norms, BA@
(which was read in as elemental Ba) is converted to Ba0 by using a define
command. NIB and CR203 are set equal to zero, and the RECALCULATE N@RMS
command is given. The second summary table and the storage registers now
contain the true norms and correct chemical data.

Ba0 was added to Ca0 (by default) for the normative calculations. The
user may wish to have a quick visual check that Ba0 is varying with Ca0 rather
than KZO' This is accomplished by plotting BA@ versus K2@. An inverse
relationship is expected, and the user may wish to have a positive slope for
the plot. Therefore, KZO is plotted with values increasing to the left by
the command: PLOT(R) K28,BA@;. Scaling for this and other plots in problem 2
is accomplished through the use of dummy cards. These can be seen in the
input data ( page 51), but because they generated a separated page of output
for the summary tables (only 12 samples are printed per page), printout for
these samples has been omitted. Note that their identification is DUMMl and
DUMM2 so that the scaling factors will not be normalized to 100 percent by the
recalculated command. A second X-Y plot (Th versus U) is created, this time
with values along the abscissa increasing to the right.

The next command sends plotted output to the Calcomp plotter and requests
plotting at 3/4 of the normal scale. The requested plot is a ternary plot of
the radioelements. Superimposed manually beside the plot is the printout of

the ternary ratios. Three lines that describe the commonly accepted averages
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for each of the radioelement ratios are superimposed on the diagram. In this
example, most of the samples vary greatly from the normal Th/U, U/K and Th/K
ratios.

The last series of commands converts the stored data to mole percent.
Next a new variable (PERAL) is defined (which is greater than 1 for
peraluminous rocks,) and the values of PERAL are printed. Defining PERAL
prior to printing is not necessary. The command:

PRINT AL2@3/(NA2@+K20+CAQ);
would have generated the same output. Defining the variable first merely
places it in storage so that it could be used for purposes other than
printing. For example, the user may wish to examine the peraluminous variable

as a function of differentiation in an X-Y plot.
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